This study presents the application of the NMR-based analyses, DOSY and ROSY, to the chalcones, xanthoangelol (1) and 4-hydroxyderricin (2) from Angelica keiskei. We investigated whether virtual separation and structural information from each compound can be obtained. DOSY displays spectra of (1) and (2) in one dimension and diffusion spectra in the other. And the 1 H slice spectra were analyzed in detail by comparison with authentic samples previously isolated from the same material. The resulting ROSY spectrum clearly showed two distinct peaks in the 1 H T 1 dimension. Each slice of the ROSY spectrum along the 13 C dimension contains over-lapped signals, which are difficult to assign at this time.
Mixture analysis attracts attention as a useful method to obtain exhaustive and detailed information about materials. It is beneficial to develop the new concepts of analysis without fractionation and isolation. Thus, the structure can be more easily analyzed by virtual separation, as typified by DOSY (diffusion ordered nuclear magnetic resonance spectroscopy) in mixed compounds. Use of this methodology requires minimal processing to prepare the sample, which is advantageous in various considerations. So far, mixture analysis involving a combination of NMR and MS for the investigation of counterfeit pharmaceuticals has been reported by Nyadong et al. [2] . We previously investigated the identification of Glycyrrhiza species by Direct Analysis in Real Time Mass Spectrometry (DART-MS) as an example of mixture analysis [1] . During the course of our ongoing study on mixture analysis, we applied a couple of these methods, DOSY and ROSY (relaxation ordered spectroscopy), to crude materials from natural resources. Mixtures of chalcones from Angelica keiskei (a-shi-ta-ba in Japanese) were candidates for this examination.
A. keiskei Koidzumi (Umbelliferae) is a well-known plant which has traditionally been used as a diuretic, analeptic and lactogogue in Japan. Chalcones, coumarins and other components have been isolated from this plant thus far [3a-3e] . The extract obtained from A. keiskei was subjected to various chromatographic methods to give two main chalcones, xanthoangelol (1) and 4-hydroxyderricin (2) (Figure 1 ), which were identified by means of spectral analyses by comparison with authentic samples.
As preliminary steps for the analysis of A. keiskei latex, we used a sample containing two kinds of isolated chalcones beforehand in an effort to inspect the usefulness of these methods.
DOSY displays conventional chemical shift spectra in one dimension and diffusion spectra in the other, as reported by Morris et al. [4a,4b] . Thus, it is valued as a versatile and powerful NMR technique and a noninvasive analytical method for mixture analysis that does not require prior physical separation of the analytes [5] . DOSY was applied for constituent analysis of a mixture of the two chalcones (1 and 2) in solution.
DOSY spectra were measured, and the 1 H slice spectra were analyzed in detail by comparison with authentic samples previously isolated from the same material. Figures 2A and 2B show the 1 H DOSY spectrum of the mixture and a slice spectrum.
In order to assess the usefulness of various kinds of mixture analyses to crude natural materials, in addition to the above method, we tried to apply ROSY to this material. ROSY was introduced by Nishiyama et al. recently. The 1 H longitudinal (T 1 ) relaxation time is used to separate the overlapping 13 C chemical shift spectra of solid mixtures via an inverse Laplace transformation of the relaxation dimension [6] . The test mixture was prepared by finely milling together equal weights of xanthoangelol (1) and 4-hydroxyderricin (2) . The experimental data were collected with logarithmically spaced sampling at eight points from 0.1 s to 40 s. The ROSY spectra of the two chalcone mixtures, xanthoangelol (1) and 4-hydroxyderricin (2), are presented in Figure 3 . The resulting ROSY spectrum clearly showed two distinct peaks in the 1 H T 1 dimension. Each slice of the ROSY spectrum along the 13 C dimension contains over-lapped signals, which are difficult to assign at this time.
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The traditional procedure to analyze a mixture is to isolate each component, followed by collection of the NMR and mass spectra of each component. Liquid chromatography combined with solution NMR and/or MS has been widely used for analysis of mixtures in solution. Most NMR and MS methods have been developed for pure substances and require sample purification prior to data collection.
The purpose of this study was to investigate how precisely natural products can be analyzed when in a mixed state. Like the mixed analysis, an analytical method that can exclude complicated pretreatment operations will simplify sample analysis. Moreover, this mixture analysis contributes to a reduction in the cost and time, as well as reliable analytical accuracy. This analytical method will have application to the research of not only natural products chemistry, but medicine, food chemistry and other chemical fields in the future.
Experimental
Plant material: The plant and latex were collected from the Medicinal Plant Garden at Meiji Pharmaceutical University Tokyo, Japan. A voucher specimen was deposited at the Department of Natural Medicines and Phytochemistry, Meiji Pharmaceutical University, Tokyo, Japan.
The acetone extract of A. keiskei was subjected to a combination of normal-phase silica gel chromatography in various solvent systems to give xanthoangelol (1) and 4-hydroxyderricin (2), which were identified by spectroscopic analysis.
NMR spectroscopy: A test sample was prepared by dissolution in DMSO-d 6 using an NMR tube (5 mm). DOSY for a 1:1 mixture of 1 (13 mg/mL) and 2 (13 mg/mL) was performed at 500 MHz using a JEOL JNM-ECA system. Solid-state NMR experiments were performed at 1 H frequencies of 500.16 Hz using a JEOL JNM-ECA system equipped with a JEOL 4 mm CPMAS probe for ROSY and CPMAS experiments at a spinning frequency of 15 kHz and a JEOL 4 mm CPMAS probe for the fast MAS 1 H T 1 measurements. 
